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Abstract 
 
Today, wireless multimedia applications are growing fastly and they require high bandwidth. Due to the limited spectrum 
resources, we cannot provide separate spectrum bands for each individual wireless multimedia application. Cognitive radio plays 
a vital role in providing spectrum resources to these applications. Cognitive radio enables wireless users to sense temporal and 
spatial unused channels and correspondingly adapt their transmission strategies. These unused channels may be occupied by the 
primary users(PUs) at any time, creating those channels unstable, which makes it difficult to meet the QoE requirement of 
secondary users using these unstable channels. Therefore it is essential to study how to manage the available spectrum resources 
among a set of secondary users based on their QoE requirement and stability of these channels. Historical QoE under different 
channels are investigated by SUs and these data are sent to cognitive radio base station(CRBS) and this base station allocates the 
channel based on QoE requirement and the historical data. At the time of any change in channel allocation due to arrival or 
departure of any user in the system, channel allocation should be modified such that degradation of QoE due to channel switching 
should be minimal.  
© 2016 The Authors. Published by Elsevier Ltd.  
Peer-review under responsibility of the organizing committee of ICETEST – 2015. 
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1. Introduction 
 
The demand for wireless spectra has begun to increase and will keep increasing in future due to the invention of 
new multimedia wireless applications such as MANET, VANET, WSN etc. These applications are currently 
assumed to function under Wi-Fi or Bluetooth band, but these bands will be overloaded if used by all these new 
wireless applications. On the other hand, measurement shows that, for large portion of wireless spectrum assigned to 
license holders, the utilization is very low, resulted in spectrum wastage. To solve these two related problems, that 
is, there is a demand for more wireless spectrum on one side, and on the other side there is underutilization of 
licensed spectrum, Federal Communications Commission[1] suggested a new technology called Cognitive Radio 
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Network. It improves the efficiency of spectrum utilization and provides wireless bandwidth to secondary 
users(SUs).  
There are several challenges for implementing cognitive radio network. First of all, the devices should sense their 
environment to find current available channels. Here available channels for secondary users are called spectrum 
holes. Second challenge is about how to manage the allocation of spectrum holes to secondary users for their data 
transmission.  
There are different proposals for channel sensing and channel allocation. Channel sensing can be done in different 
ways such as cooperative spectrum sensing [2], collaborative filtering [3] etc. Channel allocation can be based on 
different criteria such as throughput maximization [4-5], interference minimization[6] etc. But channel allocation 
based on such criteria may not consider interruption from primary users, who have license to the spectrum. 
Secondary users must make the channel available for data transfer of primary user when the primary user begins to 
transmit over the channel used by the SU. Such interruptions are not a big problem in elastic data transfer among 
secondary users, since secondary users can wait for the channel until the primary users leave that channel or they can 
look for new free channels. However, for real-time data traffic like delay sensitive sensor reports, such interruptions 
may cause significant delay or jitter, thus making cognitive radio unsuitable for delay sensitive applications. So we 
need to consider such interruption from primary user as a criterion for design of channel allocation algorithm. We 
can call such interruption as “risk” of using that channel. Some channel may have very high risk and some other 
channel may have lower risk. So, by using a channel allocation algorithm based on this criterion, we can reduce the 
effect of interruption from primary users. 
 
1.1. Organization of the paper 
 
The rest of the paper is organized as follows: The literature survey related to the proposed method is presented in 
Section 2. The existing method is described in Section 3. The proposed method is described in Section 4. The 
problems of existing method and solutions are described in this section. Section 4 concludes the paper. 
 
2. Related work 
 
There are several studies on channel allocation in cognitive radio network. There are different criteria based on 
which channel allocation algorithms are designed. Several of them optimize the channel allocation based on the 
selected criteria using Mixed Integer Linear/Non-Linear Programming Several of them optimize the channel 
allocation based on the selected criteria using Mixed Integer Linear/Non-Linear Programming [4] to improve 
overall system performance under certain constraints. But they do not care the interruption caused by channel 
switching, which is mainly due to arrival of primary user to the channel. These interruptions significantly affect 
delay sensitive applications. Some works are done to reduce the delay due to this interruption [7-8]. In [7], based on 
risk of using each channel, subsets of channels from available set of channels are assigned to SUs such that the risk 
is minimal. In this algorithm, they do not consider the QoE requirement of SUs. In [8], channel allocation considers 
both risk of using channel and QoE requirement of SUs as two parameters. Here the algorithm assigns lower risk 
channel to SUs with higher QoE requirement and vice versa. In this case a small change in the network, that is, 
arrival or departure of a SU or PU in the system may cause significant amount of channel switching in the system, 
which leads to frequent small interruptions in data transfer of lower priority users. So I propose an algorithm which 
reduces this frequent channel switching, and hence improving the performance. 
 
3. Existing system 
 
The channel usage probability of primary users are not in uniform distribution. Some channel may be used more 
often than others. Therefore, QoE experienced by SUs under different channels varies depending on the arrival rate 
of the channels. The historical QoE details for data transfer for each primary channels are collected by the SUs and 
delivered to a CRBS. The CRBS will allocate available channel resources to the SUs based on their QoE 
expectations. 
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Assume that there are M Primary Channels(PCs) and each PC is used by an arrival PU with different 
probabilities. How to use the PCs will be decided by Primary Base station rather than cognitive radio base station. 
Assume that each PU is allocated with a fixed PC and dynamic channel allocation is not there in the primary 
network. Therefore each PC has only one customer and one service. Each PU repeatedly request for service from 
their allocated PC. The arrival rate and service rate of each PC follows Poisson distribution with different arrival and 
service rate for different PC. So, some PCs are frequently used and some PCs are rarely used. All SUs will collect 
historical QoE using sub-bands under different PCs. This is a measure of number of interruptions experienced under 
different PCs. This historical QoE details will be delivered to Cognitive Radio Base Station. By getting historical 
QoE data, CRBS will estimate the arrival rate of each PC. CRBS will sort the PCs according to their switching 
frequency and rank these sub-bands based on switching probability. Now CRBS can decide which multimedia 
traffic should be allocated to which sub-band based on this rank and priority of the traffic. Some of the assumptions 
of this work are:  
Each SU can use a single sub-band for the transferring their data.  
PU has the highest priority to use the channels and can occupy a complete PC used by the SUs. The 
arrivals rate of type-i (1<=i<=k) SUs follow the poisson distribution with the rate of λsi . 
The service rate of SUs follow exponential distribution with  rate µsi.  
QoE requirement of different SUs are different. Therefore, channels with low risk should be allocated to 
SUs with delay sensitive multimedia traffic.  
In terms of delay sensitive applications, type-1 SUs have the highest priority and type-k SUs have the 
lowest priority.  
Each PC is divided into N Secondary Channels(SCs) or sub-bands. So there are total MXN SCs. 
If there is no free sub-band in the system, a new call from SU will be blocked. 
 
3.1. Channel allocation for PUs 
 
The PCs are modeled as a queue for services. The customer arrival rate and service rate follows a poison 
distribution with different parameters for each PC. In queuing system with one customer and one service, the 
customer can be served whenever it arrives. As we assume that there are only one PU for each PC, there is no 
blocking or dropping of PUs. Whenever a PU arrives, it gets service and after the service is completed, the PU leave 
the system and then the PC become available for SUs until the PU comes back. 
 
3.2. Channel allocation for SUs 
 
There are different types of multimedia traffic, and so there are different QoE requirement for each SU. Some of 
them are sensitive to delay and some of them are not so sensitive to delay. In cognitive radio network, frequent 
channel switching may seriously cause the transmission delay and jitter for delay sensitive applications. So, sub-
bands with smaller switching probability is allocated to SUs with delay sensitive traffic to meet QoE requirement of 
such applications. Assume that, based on QoE requirement, there are k types of SUs and each SU belongs to one of 
the type from type-1 to type-k. Type-1 SUs are very sensitive to delay and have higher priority to access a sub band 
and these SUs do not allow much channel switch. Type-k SU carry non-delay-sensitive traffic and can tolerate 
frequent channel switching. The channel assignment algorithm should maintain a well-organized queuing model 
under four different events such as arrival/departure of any PU/SU. 
 
3.3. Channel Allocation for Arrival of an SUs 
 
If a SU of type-i arrives and there is some free subbands, the call will be placed at the position of last type-i SU. 
The other SUs of type-j (j>i) will move one sub-band forward. If there is no idle sub-band when type-i SU arrives, 
the arrived SU will not get any subband and that call will be blocked. 
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3.4. Channel Allocation for Ongoing SUs If a PU Arrives 
 
If a PU arrives at m
th
 PC,  m
th
  PC become busy. All N sub-bands under mth PC will be occupied by the arrival PU.  
If sub-bands under mth PC was free, then no change will occur. If it was occupied by some SU, then all SUs using 
sub-bands indexed from 1 to (m-1)N will not be switched. Any SU using jth(j>(i-1)N) subbands will be switched to 
the j´th(j´=j+N) subband. If j´>MN, then the jth SUs will be dropped from the queue. Therefore the high priority 
SUs will be reserved. 
 
3.5. Channel Allocation for Ongoing SUs If a PU leaves 
 
If a PU at mth PC is leaving, sub-bands under mth PC become available for SUs. SUs using subbands indexed 
from 1 to (m-1)N will not be switched. Other SU using subbands having index j(j>mN) will be switched to the 
j´th(j´=j-N) subband. 
 
3.6. Channel Allocation for Ongoing SUs If a SU leaves 
 
If a SU using ith subband is leaving, SUs using sub-bands indexed from 1 to i-1 will not be switched. Other SUs 
using sub-band j(j>i) will be switched to j´th(j´=j-1) subband. 
 
 
A new type-i SU arrives in the system 
If unused sub-bands is present then  
k=The  sub-band index that can be allocated  
All SUs with index j >= k will be switched to j+1 
Allocate the kth sub-band to the arrival SU 
Else  
The call is blocked  
End 
 
Algorithm 1. Channel allocation for arrival SU. 
 
4. Proposed system 
 
The existing system explained above is a good channel assignment algorithm which can provide stable channels 
for higher priority traffic. But to consistently maintain the priority of user and rank of each channel, each arrival and 
departure of PUs and SUs to the ith channel makes the entire SUs of lower priority channels compared to ith channel 
to switch from current channel to new channel. The amount of channel shift experienced by the lowest priority user 
is very high since each and every action of PUs and SUs make the lowest priority SUs to shift from their current 
channel. So, to maintain higher priority users with more stable channels, lower priority users want to shift their 
channels more frequently.  
In proposed system, there are two array structures, one of which record channel allocation of PUs and SUs for the 
above mentioned algorithm. The second data structure records the actual channel allocation to PUs and SUs when 
proposed algorithm is used. The ith entry in the array indicates the detail about who is currently using the ith sub-
band and priority of that user. The proposed system avoids the channel shifts of SUs when a SU or PU leaves the 
system. If multiple users leave the system one after another, there is no channel switching and several channels 
become free. Assume that a new SU of type-i arrives. If the index of sub-band occupied by the last type-i SU is 
greater than the index of last type-i SU in first data structure, which means there are unused sub-bands having high 
ranks in the system, it leads to the shifting of the SUs of higher priority than newly arrived SU towards higher 
priority channels. The newly arrived SU should be allocated with sub-band indicated by the first data structure. If 
the index of sub-band occupied by the last type-i SU is equal to the index of last type-i SU in first data structure, 
which means there is no unused sub-bands having high rank, it leads to the shifting of the SUs of lower priority than 
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A new type-i SU arrives in the system  
If unused sub-bands is present then 
 
k=sub-band index that can be allocated based on 
first array. 
 
If there exist n unused sub-band of higher ranks 
than rank of last type-i SU then 
 
All SUs with index j<k+n in second array is 
switched to higher rank sub-bands in the order of 
their priority such that all sub-band up to kth sub-
band become busy. 
 
Allocate kth sub-band to the arrival SU 
 
Else 
 
All SUs with index j>=k will be switched to j+1 
until an unused sub-band is seen. 
 
Allocate kth sub-band to the arrival SU  
Else 
 
The call is blocked. 
 
End. 
 
 
Algorithm 2. Modified channel allocation for arrival SU 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Comparison of channel switching in existing and proposed system 
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newly arrived SU towards lower priority channels until an unused sub-band is seen. The newly arrived SU should be 
allocated with sub-band indicated by the first data structure. Doing this, we can reduce unnecessary back and forth 
shifting of channels of SUs in case of arrival of a user followed by leaving of another user or vice versa. Moreover, 
if a SU of type-i arrives and some free sub-bands exist in the system, the call will be placed at the position j such 
that minimum number of channel shifts occurs in the system when placing the SU at channel j provided the priority 
of channel and SU is maintained in the system. When placing the SUs of same priority out of order of their arrival 
order, the order in which to drop the SUs should be maintained in the reverse order of the arrival of SUs of same 
priority.  
Fig. 1 explains the working of the proposed algorithm. Here the topmost array represents the state of the system 
at a particular instant. First array represent the channel allocation when existing algorithm is used and second array 
represent proposed algorithm. Cell content shown in bold indicates channel switching. When a SU of type 3 leaves 
the system, there will be 6 channel switching in the case of existing algorithm, but there is no channel switching in 
modified algorithm. Modified algorithm simply makes sub-band used by the leaving SU free without any channel 
switching. When a new SU M of type-1 arrives, there will be 7 channel switching in existing algorithm, but only one 
channel switching in proposed algorithm. Number of channel switching experienced by proposed algorithm is very 
low compared to that of the existing algorithm. 
 
5. Conclusion 
 
In this paper, a modification of an existing channel allocation method is done. The algorithm is based on the 
criterion „risk‟. The algorithm considers the QoE requirement of the SUs and risk of channels to implement an 
effective channel allocation algorithm. The algorithm provides comparatively more stable channels to users with 
high priority and this requirement is met with minimum channel switching. 
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